be elucidated (1,7, 33) . Thus, the objective parameters such as spinopelvic parameters are required (9,11, 29) . Since spinopelvic parameters are intricately associated with the deformity, changes in spinopelvic parameters can be objectively determined after correction of the deformity (10,17, 23, 25, 28, 38) . Several studies have proposed methods for determination of spinopelvic parameters after surgical correction for DLS (2-5, 9,10,12,17,19,28,29,35,38).
█ INTRODUCTION D egenerative lumbar spondylolisthesis (DLS) is a frequently-observed spinal disorder in motion segments, particularly at the L4-5 level (6,18). The unique features of DLS are long-standing degeneration with dysfunction of the intervertebral discs and loss of facet joints posteriorly (15, 31) . It seldom occurs before the age of 50 years and is approximately four times more prevalent in women than in men (15). Its features include spinal stenosis with an anterior translation not exceeding 30% of the width of the vertebral body (18) . DLS patients may suffer from back and leg pain. DLS can differ in disc and facet degeneration, magnitude of slip, and motion at the segment on the basis of X-ray imaging (14, 16, 18) . The existing literature suggests that a variety of surgical techniques could provide satisfactory clinical results; however, the optimal management of DLS needs to █ 
MATERIAL and METHODS

Subjects
Following the IRB approval, sample size was calculated using the following formula: N= (Z Surgery was carried out on those patients who were suffering from back pain, radicular pain, or neurological claudication even after 3 months of conservative management (18) . A total of 25 men and 75 women having an average age of 61 years were recruited. The study also included 7 patients with L3/4 degenerative spondylolisthesis and 93 patients with L4/5 degenerative spondylolisthesis. A total of 66 patients underwent PLF, and 34 patients received TLIF. The patients were followed-up for 26.9 months.
Radiographic Measurements
The lateral standing and anteroposterior (AP) radiographs of the lumbosacral spine including the head of femurs were obtained preoperatively and postoperatively. Measurement from the picture archiving and communication system (PACS) in Ramathibodi Hospital was performed with the agreement of both of the authors. Spinopelvic parameters such as lumbar slope (L 4-5 S), lumbar tilt (L 4-5 T), lumbar incidence (L 4-5 I), and lumbar lordosis (LL) were measured before and 3-6 months after surgery (average 4.3 months) as shown in the Figure 1 . L 4-5 S refers to the angle between the horizontal line and the superior lumbar plate. L 4-5 T refers to the angle between a vertical line and the line connecting the hip axis and the middle of the lumbar endplate. L 4-5 I is defined as the angle between the line drawn from the center of the femoral heads to the middle point of the lumbar endplate and the line perpendicular to the lumbar endpoint. The Cobb angle between the upper L1 endplate and the lower L5 endplate was used to measure LL. The slip degree (SD) and height of disc (HOD) were measured to evaluate the deformity parameters. Following surgery, changes in the deformity parameters were measured to determine the correction of the deformity. SD is the distance between two extended lines of the posterior aspect of the upper and lower lumbar vertebral body. The HOD refers to the mean height of the primary intervertebral disc and the most posterior disc. Table III , the groups did not show any significant difference (p=0.868) in terms of SD value. In the PLF group, HOD decreased by 0.14 mm (95%CI:-4.6,5.2). In the TLIF group, HOD increased by 0.9175 mm (95%CI:-3.03,5.89). This difference observed between the PLF and TLIF groups was statistically significant (p=0.022) in Table IV .
Statistics
The spinopelvic parameters were restored significantly 3 -6 months after surgery in all cases (Table V) . L 4-5 I is a constant as there was no significant change, while L 4-5 S increased by 2.53 degrees, L 4-5 T decreased by 3.45 degrees, and LL increased by 3.18 degrees. The analysis of L4/5 DLS patients (excluding L3/4 DLS due to a small number of patients) in the PLF and TLIF groups is represented in Table 5 . In the PLF group, L 4-5 T was significantly changed following surgery. In the TLIF group, L 4-5 S, L 4-5 T, and LL were significantly changed after surgery. However, there was no significant difference in spinopelvic parameters between the PLF and TLIF groups (Table VI) .
Except for L 4-5 T and LL in the TLIF group, SD correction after surgery did not cause any significant changes in the spinopelvic parameters in both the PLF and TLIF groups (Tables VII and  VIII) . In all cases, restoration of the HOD demonstrated a significant correlation with the changes in L 4-5 S (r=0.213, p=0.034) and LL (r=0.239, p=0.017) (Table VII) . In the TLIF group, restoration of the HOD was found to be correlated with the change in L 4-5 T (r=-0.362, p=0.004), whereas in the PLF group, no significant changes were observed in any pelvic parameter (Table VIII) .
█ DISCUSSION LL is one of the global spinal alignment components whose normative value is between 40° and 60° in the adult population (5, 25, 28, 41) . It is crucial to maintain proper upright posture 16,18,19) . Nevertheless, increased L 4-5 T but decreased L 4-5 S is found to compensate and prevent the center of gravity displacement (19) . Interestingly, L 4-5 I was normal in patients with disk herniation (L 4-5 I = 49.8°) and degenerative disk disease (L 4-5 I = 51.6°), but it was much higher (L 4-5 I = 60.0°) in patients with DLS (24, 38) , indicating a predisposition to DLS in patients with a higher L 4-5 I (4). In this study, the surgical correction was aimed to realign the lumbar spine by PLF or TLIF. As a result, these operations were able to maintain L 4-5 I at less than 60°, and therefore, were also capable to alleviate DLS (4). To understand L 4-5 T and LL is also crucial because they play a prominent role in regulating spinal deformity (3,9,12,17, 21, 22, 36, 39) . Additionally, these are the parameters of choice to determine DLS management preoperatively. Finally, the aim of this surgical correction was to correct spondylolisthesis; therefore, the reduction in the distance of slippage and restoration of HOD was necessary. The TLIF procedure has been widely accepted since 1998 and is able to improve HOD effectively (27, 30, 37) . In the present study, unlike SD, HOD demonstrated a significant correlation with some of the sagittal spinopelvic parameters. Because HOD was the primary goal of surgical correction, HOD also changed simultaneously when there was an alteration of SD. Additionally, nerve roots were also decompressed. Finally, the spinopelvic parameters can be ultimately affected when SD is changed. There are three limitations of this study. First, an only L4-5 DLS adult patient was evaluated instead of a number of patients with various degrees of DLS. This has a benefit of illustrating ideal fused spinopelvic morphology but clinical applicability was limited. Second, our result may be limited by an only posterior approach with two types of lumbar interbody fusion in adult patients without a significant statistical difference. Third, potential sagittal alignment between various slip degrees of spondylolisthesis should also be taken into consideration.
The Lessons Learnt
1. Global spinal alignment is classified into LL and thoracic kyphosis. LL is the sagittal geometric parameter to better understand the development of lumbosacral spondylolis- (36) . Decreasing lordosis causes failure in maintaining spinal balance resulting in back pain and disability (4,10). The pelvis is the base of spine and it has been determined that the spine must be in coordination with the pelvis for the spine to be placed so as to attain the upright posture of the human body (20, 34) . In addition, with respect to spinopelvic alignment, understanding the morphometric static and dynamic parameters is crucial for preoperative evaluation ( thesis. The present study revealed that increasing the LL degree indicates improvement of the postoperative result which has met the objective.
2. The LL value normally ranges from 40° to 60° in adult population and is not dependent on age. A number of studies stated the importance of LL and spinopelvic parameters on proper standing alignment in children and adults.
3. L 4-5 I is a constant parameter after adolescence and determines the favorable LL. Increased L 4-5 I is a predisposing risk factor for spondylolisthesis progression. As a result, L 4-5 I values were very similar when compared pre and post operation. The value was significantly higher in DLS patients. In addition, increasing L 4-5 T and decreasing L 4-5 S were due to compensation because of the progression of the displacement of the center of gravity of the pelvis anteriorly. 
